PATENT ABSTRACTS OF JAPAN 



(11) Publication number : 2001-069080 
(43) Date of publication of application : 16.03.2001 

„ — -* 

(51)lnt.CI. H04B 10/02 

H04B 10/18 



(21) Application number : 11-239854 

(22) Date of filing : 26.08.1 999 



(71) Applicant : FUJITSU LTD 

(72) lnventor : WATANABE SHIGEKI 



C 



(54) METHOD FOR OPTICAL FIBER TRANSMISSION, OPTICAL DEVICE AND SYSTEM 

(57)Abstract: rji # 

PROBLEM TO BE SOLVED: To extend a transmission available ! 8 p 

distance in a method for optical fiber transmission, an optical 
device and a system. 

SOLUTION: In the method for optical fiber transmission to 
extend a transmission distance, first a 1st optical fiber 4 with 
dispersion is provided. Then an optical signal is supplied to the 
1st optical fiber so that the optical signal is compressed on a 
time base as the optical signal is being propagated through the 
1st optical fiber 4. For example, in the case that the dispersion 
is normal, pre -chirping is applied to the optical signal to provide 
down -chirp. Then the compressed optical signal outputted from 
the 1st optical fiber 4 is fed to the optical device 6 with a 
saturation gain. According to this method, the effective 
combination between the compressed optical signal and 
waveform shaping by the optical device can extend the 
transmission distance. 
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zm-f&xf-vTt. 

( b ) ±ies i nfty r a svzm^t&te i , ±ta 

(c) ±&&&\<r)±7T4^frh&-})%tiKBMlSlx 

[ if *« 2 ] ii^js i izimn-mx'h -> x . 
[f»*jS3 ] fg*Ji i (cie»o^t'$>^T . 

[ii*3i4 ] tt^ii i tztmvumx'h^x . 

±texx«yr ( b ) (iilE^fl^r^y^A—T^* 
■?-&<}: ? l,z?VJ-T—t'y7£m-?ZT-/7$:l!ti-% 

±iE7.T7r ( b ) Mummer 
m^me j mm 1 ttB«o^r*oT. 

±MXt-v? (b ) UJh£)|I10^7:M''<0#tt&tf 

[ m&s 7 ] «*js 1 weiio**?* t , 
jjess i ^7 r >f ^<oft&mm-z#wimm±. 
m, i «3t7 r a mz^xm^x=f -v rzinzmi 

[fftfcifs i mim 2 i,z&®cDjj&x-h->x . 

m52<Oft7TA'VZ®r,XWlV&ATv7i:mzffiz. 

[ I8*ii 9 ] mmk i iztmvymx- h ~> x . 

JJE* 1 0*7 r 4 Atf>^^ftWC*fl'Sft.S£«> 

[ m$m i o 3 sm 2 cEtttftfris-e* t . 
±sm 2 coxy r a ^mmmnrnzmftZixh An 
mizftmmmzm&AT-yrzmzffiitt 

[f»*JIll] ^tyrA^&tcti<otz^x«m 

m±.x'Emztitz%mm%zixhKT'U xx-h-> 



x. 

xts^-m^timz^xmatimmiMi^t 

imm. 1 2 ] mm 1 1 iz&Minwu xx-h-> 
x. 

7.„ 

W±T'ffi(S $ *xrtdfc«*a*tti&3i'i4#? f ; <A xx% *> 

frfflfjl ( D F B ) U— ft. 

±IED F B \,-wm 1 *>«*CfHWS J: 3 fcJJED 

f b u-if tmsssrtt^ts mtzm. 

l . -ent J: o±ied f b u—ritx^y-m^-t 
&<v^^xmttzmm±mm^iz$z.z%T^ 

AX. 

£±JBD F B \s-1 ! £imt&iftm&mzffix.tz%rrJ< 
AX. 

#12*** Otffiot eia»U:f EE»S*i6 
J: ? tR»t 4>*ifc» 1 ^7 r A Afc , 

tfmzti&®mmz*?s>%T'*A xt zmttz^ 

[|S*iRl 6 ] II*JH1 5{c|e«5<0^rAT'*o 

isatftu xi)^ftxztix%m^#m&ztim2 

<rm.7YA*imzffiz.1zi'XTJ±. 

im&Zl 7 ] H*IS1 5£3B&<OisXTJ»-Cf>r> 
X. 

±x&ct*a xiixjiw-tfrntthniizm-txtm 
-thmmiss^M^z^i&^mmmmmx.x 

[»*3a 1 8 3 §mm 1 7fcE»o^^A-cAo 

X, 

imbxt'W x^mm^ofosktmz&mikztt 

IZffiz.X^^&i'XTA.. 

i m^m 1 9 ] 1 5 taao^-r ^t*> o 

±ie3trvW7.(i. (DFB) U-lffc, ±12 

D F B U-if*«S 1 <T)WL%;X'%.m-h X 0 IZ JiED F B 

±imi^ii±iffii?>ii!i&km%hf&2(0WLfktt 

L. *<t(c J: 0±teD F B V— m\W7-tfH£kt 
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A. 

o j mm 1 9 ici«wwAti>o 

*** 7S<* h36fr±f6D F B U-lftftttt**** 

[ wi2 1 ] hot i 5 fcaacov^rATiio 

JtlES 1 ^367 r -f /<fc»-> TK*t6*lteil«fir< 1 i- 
o«3ti|Ni»*5gt:flli, 

[11^52 2 ] f?OT 1 5 (C|Btt<OxX-f^f*o 

r. 

JJE« 1 (Oft? r 4 AttiBMMKMrU 

im$m 3 ] HOT 1 5 JcStt^-a-fA?*-* 
T. 

JbSESS 1 <?>367 r 4 'WHSfflBL&H I . 
[HOT2 4 ] HOT 1 5 tcie«^xXrAT'J)o 

•c. 

JJBB 1 <T>%7 r 4 TWtMUJB* 1 £>367 

A. 

[m$3 2 5 ] hot 1 6 icie«4^xXTAT-$> o 

T. 

JJBS 2 <?>367 r -f X|c»o TWtMUJEW 2 <9367 
A. 

[hot2 6 ] hot 1 5 icias^xTAT'&o 

T. 

JJ3R 1 ^367 r -f ^ V>ftft*qaiW(c«j.S*i4 AW 

[HOT 2 7 3 HOT 1 6 tteSc^xXxAT'^o 
T. 

±mssr 2<t>±?t4 ^PitttoLtfnnmzmtztih tin 
mizmi^ittcmxm.nzmiziisitii'AT-i*. 

[00 0 1] 
[0002] 

'«S'*?A«%gKg8&fl:£*iX*fc. 367 r^f A 



4>1=J:->TI!IRS*U. f&SS&SMRtt. 367 r4 
AK-77T^«Hi»(EDFA) *ttK>fc?*XiN 

[0003] uiummzmtmtii ; mm 

12, 367 r -f A'|*it*j»t636fl#OSfj$«*<36fi#<0« 
* (JDiHk) OH&i UT8Wt*-*3»T*6. 
anU9 3 fir^y^^e-H7r'fAK:j3v^Ta, 1. 3* 

1. 3^mi0t>^v«{c«LT{i, J:9Sv«S: 

[0004] E D F AORfflfc <t 4*fl»>*7- 

mifflRt 1.367 r -f A*coftt,fiS*IH8»tttt*Xr- 
$HT'£>£ . 36#-$Hfi367 r 4 ><*>«MW*flre 

7r>fA"+^aH-S36fi^fifflS:3daL. -e^m 

4. ^^3i^{igefiffi^P (self-phase modulation: 
SPM) fcl/CJnWlT^S. SPMfcJoTX^h 

BWZ-tfg.tz**<%&. 

[000 5] ZCDXotZ. 367r^A'jiftHfcV>TJi:, 
367 7 A X9MoMtfr7 t A /*ftcr)imM%&miz 

tmm&<ormi l zitmixmi<%&. m^x. 
^izt3^xi3mL<fcmMmmzii&. ziizn®. 
t&tMz&mnttftmmmtfzmzti. mmitznx 

[00063 #mz£ nmmm&zffi&tzjjmt 
vxit. ft®m®m%^hnmtfm : i>-®&}X'$>&. 

Axtftahtix^h. &tz. immzsEnco^m^E 
iz&Kxmmmz*vtt%twmmm&?z>Jim*. 
Kmmkmmmwz&&Lxi£mftmz£ $>& 
nm.i»mtt>^mi>mmmt txmtix^ 
h. xmp&mmwzmmx'it. fmmmi>m 
mmx'&h. 

[0007] #®B&%e>$mzmmzmG?i>m&> 
ioi ix. m^izyv^-vyyzmumm 
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\*taa*mmt (snr> &w«Lreai®t*a!r 

iXTV>£>. 

[0008] #/ W*ttIE«4MK7 r 4 A+Ttt**** 

mftt&7T<( 'wx-wmizx w\sxsmtfmz 
iit>-7h (fi^-A—r) -ts.t'S&^-ey^ bp 

■fc ^ > ?-r - 7" fc-W. 4 , EflMHtt 7 r >f Art ftt 
[00 10] 

[0011] iot, *#U§tf>BWU:. fi&CTfBERt* 
fe*c-f & Z b &#7 r <i *&8&>1&Wtim*iJk 

tdtrf'U xRVi/XT-M,Zffig&hZ b g 
[00 1 2] 

m&±-X'&mztih i o izm 1 <?my r jxtzxm^tf 

mztit. tlx. t&i<n%y r 4 >^h#>J)Hixtz 

[00 13] ZCDZolz. *»HlcJt**lfeTli. mi 
<t>#7 r 4 A+T'ftft^£ffi8§£-tM> CI 1 b EJUS fut 

m'ffozbbz&x-&toitx^&0)x\ &w$mm& 

<mmm:WttMffi,z%z, . 

[ooi4] mt\i. %t>u x^ta^tu-ztftm^ 

x&umx-ii. ±&uz%)%m%m£b-&z&*) . & 
izm2<?ftyT4'Mz£&m®mwmmmizj: 

£bitKxmimztfickZti$>. 



[oo 1 5] m&Kte. mi0>ftyT4><i,z®-oX'j>- 
%<bi>-mmm%tfmbti&. z<d^. sm 

[ 0 o l 6 3 m l <n±y r 4 >Wt&ffmmxtih 

^-wyzmzbtiz^x. *b*wiii<o*7 

[ 0 0 1 7 3 m 1 ?>ft 7 r 4 Ao4HBW*J*«4MR?fc4 
*£KI4. ftfl^T »/ T**-*- 7*lrf * <£ 3 t7*'J 

^-h-yy^mtz bizx^x . m^tfminfty 

[ooi83 isffiffisa (spm> ^offltftk. si 
i <m? r 4 ^cottWimftmcD^y-immziSLm 

?2>Zblz£-oXi>. m*tmi<Vtt7T4rtt:GM 

1 0 0 1 9 3 mi <T>%y r A WM&WXtthWim 
m*m 1 <?)%y r 4 A'KjftoTRtti i k . s 

2 0^7 r AtiBo xmm Z b I. . 

[oo2oimi <r>%y r 4 'wmfimmmzmft* 
ix&&<®&mzmmmmm& z t tfx-z , * 

jS»C36fflffl*&»*»»t6 Z b *^T-# l> . 
[00 2 1 3 *¥&Jlcom20)mBlz£ h t.*7r^A' 

[00 223 *l6aflOS3<?)WcJ:Sk, 3t7T^A 
^•ffi^fS ( D F B ) U— f b . D F B FjFSS 1 9M 

&xmkth i. 3 (cd f b u-^ t«tt«iM-«ia» 

k*«i-CV^. «e*4»l^**t!W:4IB2<0« 
[00233 *%.W<?)m4 ffiMmiz X hb.%yr4* 

m*im, mivfty ^rx/ktju xzmix^ 
m^mmi-hcoiz^xmmm±x'sm^tihXo 

[00243 
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I 0 0 2 5 ] 01 ti*SMHfc J: !> ^fA©S 1 Xt&g 
fc, S1HS2tSll<^e7r>fA4t:J:Dlfi«S<iS« 

'f#fa»3tryr6i;, ^7^7*6^2^7 r-f a's 

1 2"Cjj*3*l4J: 3£AVl/*#^3!^#£gSl<9ft7r 
-fA4fcHtfrt*. »lWt7r'fA4J4iS<i«2*»<5> 

I). »lW*7T'fA4j&>4>aj*$nfe£Hi83ilfe3tm 
367^7*6 tetttftSfi*. 3tryr6{4l8Wf!l» 

[00263 attryrefcflttftStifcBEiitJtufejftflW- 

8^#3*ufc#fi#lifirS- 1 6"C*8ii* J: dt=J82 
tf>3fc7r-fA*8fcttfc$*u #7T-f^8fcJ:95fi« 

[00 2 7] jlMI«2*»felB*8*Ufe*«-9tt, *lco 
*7 r 4 a*4 *eW6«)(cfeo-C«IBIUi > CffillS*i 

7 y^-rifi^i <5>*i. £ 1 *»fc7 r 4 a'4 

[0028] dcoid^r^v^-r^^tir-yT-f- 
*-7V>j: 3 =5:7 u f-r- 1 v^tiWi t jft^rtt^H 

1 05/^rAt:aLfciS<i«(7««5»»*02t i 9K 

mti. 

[00 29] m2iz^tiimsmt. mm. <cw> 

3t*ffi*-t4 V— <F*W *- F3^&63ft(& 1 8 fc . 

sawi-f m s *\i)-thtz#><r)x- h 2 0 1 , sara* 

MSl=a£, 3KB18*»^as*SixfcCW3t&SMUT: 

S§) 2 2t£*lTV^|>. £j£Sft*:#lI#tt. t£^7 
5 2 4 *l->t,-K- h 2 6 *><i>3S 1 <7>3fc7 r -f a*4 ^31 

[0030] MZ$H82 2(i, ftill 8t*¥Wt« 
«3*l4.*Jj*-h2 2Afc, **r9 2 4H*96»t 
^$fl^.ai^-K-h2 2Bfc. A*"K-h2 2AtY 
#0£2 8tcJ; 9#^fce£3*i*-»*»K/'tt3 oa 
1/3 2 ftA7.3 0.&tf 3 2$rffi^--K-h2 2B(C^ 
^WKIS^r * Jt«x^) t> 0 -Otf>Y#(£ 3 4tttLX 

[0031 ] Y#®2 8ai/3 4Mt/£3fcAX3 0ai/ 
3 2ii. LiNb0 3 «frfc$r&B«*S«± 
(c^ga6^^v^-yT-T i IPSS>MtKS*T3tW 
ttflB6*»«^4 £ 1 1 J: 9 #5 d t h . ftAX 
3QRJ/3 2^Z%^m^thtzMZ. #A7.3 0aV 



3 2±fcli**l-Wl««r«S4 2ai/fi^«®4 4 #8 

vbtix^h. mm®4 4\miirmmmzmz 

flh. A*JK-h2 2A{caKB18j&»4>ttlftS<tfcCW 

03MSb*-Ali**i-p<x*/^ 3 oat/3 2 £<g»U 
Y#«3 4T'-&c£-tl>. 

[0032] WSX&A 2bRftW&4 4 1 <0EIK£ t 
Jt»»« 3 OSU' 3 20®Jff$2r]£V^CjS(6]#(C 

(cttffifflH*s£ t . £ J; o £Wmtf$x.tiK8i 1 a 

v%2<7)ftm-^tfYft®3 4? : fmz>&%. $m 
mMsi,zft^x%&!mffiztifi:%m*W}iiJ}X- h 2 
2B*^ai^$iis. 

[0 0 33] MZ£p$g2 2 5«U *<0»ffo&£Sg 
JE<W*feWc, Z<tt&£mt. Wc. SSIUI54 6, 
vnMTX|51K4 8, n->tt7^W50, fiffltfiaJSff 
52, fm&5 4&t/y*Y-T4 7-7? (PD) 56$: 

[0034] ruf-v—f y^Srife-rTtAt, # 
- h 5 8fctti&$*i*:mijjm§9c stcs^wciww-* 

6 2 at/ 6 4 1 aw mix v > * . 

[0035] !M^A^k<?)^*C, ft£3g 5 4 tffttl 

l4flP#R«ig»6 4*ao'CS«liI»4 6Ktt&$ft 
I). ^Mfl^-MSkt flr^RKHIB6 2*ao , C«lllI 

»4 6ctt»s*i4. mg®$&4 6xte. &®m^tf 

WB4 4(Ctt»S<l6. MHlK4 6{i. Miff. fO 
#^nsa8<0l|MI»i;i<?«Hl»fc«-f«l54 4 fc ACJg 

886 2at/6 4{if-r-7-A-7^-^^HlK6 0^J: 

[0036] nff^saeftt * «t o umztuz'U 

TAlEifi. >U TAM&4 8ft>6flPHH14 4 Cftlft 
$^1.. *tfDM«*ff3fc*t. MZSSIWS2 2<oaj^ 
HC- b 2 2 Bfrt>&J] Ztltzm^cO-mK 7*hT 

[0037] mmta^5 2\mmmmmt txm 
ztxh. &.mm5 2&. ftm&5 4frt><7)mm 

tm<7)DC$.ft\,zWxZ><F>X\ f(0DC^*<a-/N-X 

7 -r 5 0C± oTttUi^ilT AM TXESS4 8(C7 

^-HA'y^$it&. 

[00 38] dc07-f-KA- y 7/P-7*(;:J3lvtli. 7 
* hr-fT7^5 6*^cO<S^«^*<ft/ht^l>J:3 
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[00 39] 03£#BB-ffti:. 02t^$fxftMZ^ 
5(iMZ^P^2 2/v<7)A^«mtt-t <a»W> *>» 

>WB *BtXfM*> n°v - £ 4* ft iftf^ttft 
£Hl)7bTJ>ft. 

[ 0 0 4 0 ] 4\ SASS^t: J 0SM^«fttiat83&»6 8 

liftMttft»#£ t ft J: d left 0 , ^7 Hc^fitiffi^ 
ItoStftoffiffllcRWSfift. ap*>, »^^ttfflH6 8a 

18 0" n&ft. ffi^. 02(c^§ixftJ:dfcfiffl«! 

P2&2 20iW£**£5£fc$iXft. 
[004 1 3 fcC, 04O (A) flM (D) fc#8BL 
T. ff^SISIlIS§6 2az/6 4$rfflV^^ J r-7V^^ 
-^OflJOJftifcOV^TSl^-rft. MZg3IS2 2fc;l3 
WCtt. flfCJ: iJ*X>f yf-y^ffi>itTV>ft« 

t. twz x k> *ntmz*k t ft mmm (tt-t^ 

ft^a^^fc£WW*ftfcfcOtf8rC*6 . 
[0042] MZ£lSt§2 2<0BrfWttffllMilM 

[0 04 3] H40 (A) $r#S8-tft t . MZ£t8S§2 

o^J&avblWifi»0ia«7 2*ffifflL"C. 04 O 
(B) OtOBe^^nftckpftl^NV^Sr^ftt, 
®$7 2£fcOT(i£|«E (V) ?)i§Ai;:ftoT. ft 
(P) t)m±-$h<KX\ 04W (C) Otffllt* 

Sfift. 04<o (D) PXtffllfc^Sfift J: 3 

^^V^ojLh^O^tJiig^'T^ffict 0 *>«< 
ft04T0^T(i^<ftft. BP*>, -oo3fcw*fc 

fcvvcawwflsa ( t > k£t«jfcg (KASdR) 
(ffi^atsft) ^7 \>i- ft. cos^iir^y^ 

A~ 7'Xti V y H x 7 h b ft § ft ft . 

[ 0 0 4 4 ] , ft*>££jftV b 203fi^£7)fSJS7 4 
S-ffifflLT. H4co (B) <7>*WK*$*lftJ:p=SrftO 
«EaVPx£-$- ««7 4fc;BVvCHflffliiWE 

(V) c7)JiAe^-5-C3t^V- (P) *««WftCi:*» 
£>, 04O (C) o^MlZvkZti&Xolz. WEa/px 



fcW3tSttT*W*iWltfjS*ift. 04W 
( d ) tfteffljfcjj* Sft ft J: 3 fc . ftt VVA<r>±±# 0 SP 
#Ttt**ttft»*fflHc^7 H I . AT D«#T1i»» 
^lffle^7h-fft. BP*>. -O^^^X^feV^T^ 
jWH ( t ) (ffiffl&St) (K 

[0045] %>VVX(F>^*r-7^7 a{4» 
<* = 2 (dO/dt ) (dS/dt)/S 

ft. 

[0046] ?*;>1-r-?9&&^ ^-7^?*- 

A7-X-^a{ift««ISr]Rft. 
[0047] 36®#<0***«eiS»i: LTflJfflSftftft 

&ft k S . S»^Mt«ffl»fi<03e J: •? t»ft 7 r 4 A* 
Sra<»OWC, T*, 0<a Ur*>y+*-7) W7 
0^-^—^yym-x.XiiKZtl/ZX Y )>*)VX<7)BMft 
4tft. »»«-«<oji«eftftfc#(ctt. SifcK 

«<0 (T^f-v-?") <!07*'Jf-v-tfy^$: 
-^•xTfc<C:tej: , )>' n'^x^ESI*^ t ft . 
[0048] H2<0Hit»JBT{i. ^^-7*^5^-^ 

wcM.m 6 o tpg$i&y biwvh2i*mmthz 
ft. 

[0049] ioieewwi. 9Kfi»54^4>ssm» 

4 6Cfi8ftS*iftlSffl«[fi^«tt*RlES*ftfcft 
tc, ^RfelUS86 4*^(t^ixTV^ft 0 flF^KemH 
6 4 fc J: o tfi«iS[«#<offitt*«Wtti <iitft t , Sft 

ISA, 7* Nf^f?^ 5 6*^07^- HA -y^;l^- 
rt*jJtSfW»0*|6|jWB(cftft. CinfcJ:*). flltti 
B?tfO^€^* J 04co (A) crfcltftvb l-cftftktit 
tf. W0»iaW«a&fiittVb2i:«r*. f- 
f-7A'7>-^a tfOIEft *«"t ft . ZCDXotzl 
X. y^yJ-A—TRVT-yTJ-A—TZmiRtlZt 
**T#ft. 

[00 50] 7COSceAVb lfc*JV^TJ4. 

eiiumffiotiAe^o-c^Av-^'tiTc-rft^, 

V b 2 (Cfc I, vt (i . EP Jlim£Ec7)ii7ct=^ o T 
^N'7-*5^-fft. -e^T\ SCWt^MSCfettftA 
^ \yKlVJSa/U-VK)Vt . MZ3SW82 23&»^*S 
tlft^fi^tfcttft^'f L^^S.lA'D-W^tcOEcO 

mmm-iz&^tzibiz. ^mm^-M s^ti^^s. 

KIUS86 2^'|gtt^aT^ft<0T'$)ft. 

[0051 ] 05140 1 izmZiihtmmnitTyTb 
(Dmt^m^^yyx-hh. A^^-7-p 5 - in ^ 
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-P s . in WtWU A^7-*«P so tl?L<>5:l> 
k&£. 

[00 5 2] ftot, miiZ^tlh^XT-MZty^X 

ZPsoXViiXZKmizmfct&ZblzX^z. nivx 
CO h y r^m. LXM&*W8Sa&*l Z b VX'Z 

<o»^b&^tfrc*s. attic* x^? 

swc. b )i><m%{£*'€ oztizx*) mm* 
nmu fcmmzfck-tizktfX'Zh. 
[0053] m&mffir>76£%m*wmiiiii> 

t o tt jfitc &kx y*hymm<%& tzwmmm* 

£«>J8*£ffiV**k. mZtlfzltm<?)£ 

«^)3tryrfcJ3v^Ttt, «MX0«i*BWMi* ^ y 
mommmzn. mmm&x o tsa^i^tc** 

^A-yr**stt«TS*s^s*&fcft. <fttema«H8i 
*®»'(w*ik* f Bni&c»6. +m:mawmizto^ 

J^Wi*iiJaT<y)S'Wx^li&+a^ 10 0Gb 

s. 

[0 0 54] Z<D£?t,z^ *milzj; h b , 
tft&aWVW X £J^vCftW) t' y b U- b*{v W 

imizmz>ftm^m®m±x'CDEMt 
zztizx*), mmw&mti&xt & z t vx-z h . 

[00 5 5] Bl(3i*3il*3'X?vfclCttVvC. fiiiSE 
4 /a'8<9*&£3 <8Wi*4tfft) jW33IR»£5-*. 

zm^xtiwsm&froztizx^x . mm&ztvk 

YMZ^mh Z b ifX'Z . m 1 C»fc7 r ^ /n'4 

( h h \ mim. > fttzvm.m#*ifctz-t& z t 
x-hh. vt->x, ftmzttthvvyyxzmicoR? 
t4*a nm/mm*& < tt z t hztiz 
«r*. ftWMmmmztizisATMzis^xit, m 



hb. Z0lK-ft®Lh\s7>X£&k.t&ZttfX'£. 

isZT^£ftmmzm-h-?- : j>*&*ix . tn> 
xteisXT^ffyazvyvytHmzzz,. 
[0056] meittmiizxiytTJU z<omwm 

iitfrfu ••/ 9 m?$> h . ZffmrfJM X\m 1 tc^S 

tih^xTMzh^x^mmntTyy°6 1 ixm^z 
z t tfx-% i . zvktju xu^mwmmns < s o 
a) 6 6zmtx^h. ityr^j^mth^z^ 
x*mm±X'&Mztitzftmt>K i»68t»8w 

[0057] ¥*ftXi|M»6 6tt, MiW-tfWt 

th^z^xm&mmm&wzKmizs-z. 
zxoiz, wmm7 oizx^xwrnzm^tbtix 

sis^wi. m t < isft a s commm $ n^^-^ 
[ o o 58 3 fit, *»**»i(i»6 6tta«ajcas* 

(ASE) JH#S:®tasL. fi^0^7^;Hcfc^T 

^/wctswcatiHcj: hwttfmmz* zzbmz, 
zzx-zcommmmxii. mztiz>m,^cr> ; mA $ 
bm^m^x^tiT^xvmmmmm^ 
6 6izm&?ztcit>iz, mnAwmibixx^h. z 

[0059] H7{i*»^CJ:6*T^>f^Wfl!l<0|tB* 
»JB*^ro y 9WX'hh. ZCDftrJU Z\m 1 IC 
* $ ill. y xr a ica f ij^tefnjer y 7 6 1 L T ffl 

H ) ( D F B ) U— «f k LTCOD F B 

V—f?4*-Y (DFB-LD) 76*ffli-CV^. 

mMm>mmt\io . smi. onmtw. d 

FB-LD76(i. Bifc»«t£4fl**£A,-CU- 
-f?Hit4J:dtc, W»lil»7 8fc:J:-3TW»«a*4 

^8 0T'^$ilSJ;o^, DFB-LD76*^ai7]? 

its. 3»U-f%ttHR«lctt»Kft (CW) 

[0060] *fi«!ifc:*6DFB-LD7 6«i. ^7 

;«Wf»I.DFB-LD76t, RLtVifi 
t*iil*V*SA s *frri3tli^3&«. W^8 2t'^ 

LD7 6rtT«aHBB$*l. ^-^ISmttfeflfcJtfll*^ 
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ft-^8 4 X'^ZtlZ, 0 IZD F B - L D 7 6 #><b tBTj § 

[006 1] DFB-LD7 60lB»tt. H^SftfcJ: 
3 tcSBiftlHlSST 8l:fflUtD FB-LD 7 6 fc— 

j o d f b is-^tfmmztiT t>&\ 

[00 6 2] DFB-LD7 6**l»IB»$*l6»&. 

^MWc^rs^jT^tt-jgr* 1 }, dfb- 

LD7 6*»feai*S#l687*h>'«t)-Jgi:*6. ft 

A;M. c7) e- ? ttiSTJiSJi 0 »tf AT 0 ftifi 

7* Fy&#£<&|>£*\ «flMHD36«3fi<*SkV^ 

[006 3] 3 fc. *H^Jfel.ffllffitJ:l.t. 

#D F B U- If *> t> Ji}7J § n & . 
[0064] S k . HSSRSiifca 

T, ASEco&«£J;&©|fS&#eOM«£WE-r&.rk 

fcWC**. ASEwmst«kS«^^k(i, ±fcfl 
^/ a s e f — h jt#t i h i>nx-h o . «^-fLfifi 

*t«t 6.1k 

[00 6 5] 07{C^$nSHifeJg®«7)J:dtDFBU' 

-p,.i„*wiP$ofcjtt4 k u-irasaHWiU * 

ft-at. 

rtiD f b u— mx'tmizw&ztim. 

[00 6 6] Z<7)iolz*fmcDt>mWlzJ:hk. ft 
flM*0VW l^PT<OtHHB&y#D FBV-f («H 

sgsfrctfio. Kt&et>a. dfbu— fffymm. 

4. 

[0067] 07 {C^Sft&SemfKT'Ji. E8S£ix£ 



3ffli-f£DFB-LD7 6G«te't*fc*>»C, aSl*># 
7r>(A'4 (@1#B3) oaj^JSi:DFB-LD760 

ttJBLfc*. DFB-LD76j&»fciMJ$fUfc# 
«*t»2««7r'fA8C3Wft<*Atiit«t. 
SS 2 Oft 7 r 4 A* 8 «0 ATI ffi k D F B - L D 7 6 2 

ffit zmmzm£?zm*i%^>xtfmzm 

#7 r -f Afc-fW3Mtf»*i** . 
[0 068 3 DFB-LD7 60a±^=ii(i, U- 1f» 
**TtfifcifcJW>«fflfc LT5£lt$*lf><OT\ fHRV—f 

§ ftft^coi&ft A s ttBLL#«fc* * fiSrt »i k (c 

[0 06 9] 07t^$ill»7tTAMX(i. 7vXl-ft 
£DFB-LD76 (Cflttftt ***8 6 fcff HoWfcHI*. 
TV^4. 7xXF3«iDFB-LD7 6<0ffljb»«fc-£ 
*il$Mf*»£A A £Wl/0*S. **A»tt3K«#C0tt* 
A s fcH*t6*>S3&»K:J:->TPIig$<X<r03&«, ftRT 
Ofi-f«iaiSr#«t4k, &HA A liA s kf*&&£ka< 

[0 070] rvXFjKJrffl^&ClktJ;*}, ^fcftfl 

— A S E t*— hUmSSiOaAlCj: 5 O-W^/KT) 

3tft^-C7)yN>f VKiVMfu-VK)V<rmit[zi^r>X 
DFB-LD76 Ol6S«« k ^«f?ih*t^ k *«» 0 £ 

I). 

[0071] zommftmx'ii, t~sx 

X v-X h^'D F B - L D 7 6 

[0072] H6at^07t*Sil6iatJg!!IO#«t: 

3tC3fejS7 42stt/8 6*^t^itT^I.* { , r>-XF3t 
AM^k tgffi-rS i 0 (C«7 4 RV8 6 W 

[0073] memfmizmztihmmm<r>&«i l z 

ft A s Z-ktsffiB&mti-rh^y Y ax 7 ;U^Sr 

mmxnm^r^x YKt mmzmz z t vx 
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[00 74] ft. DFBU~f$;mVc».BW$lzmt 

hnmm^mm^^ximm- 11-133576^ 
[0075] m&\**ftmz£ti>-XTj±r>w,2m.im 

M£^i-7nv7mxfo&. ZCDisAr-Mi. aits 
Zix&WnmimBtttltlX , H10)%7t<<>U0) 
I>#8tff§fllt§8 8#ft 1 OX? r A a*4 \,z 

&^xmmizmvhi\x^&&x'®Wittvt>tLZ> . ft 

tt. #«[^«8 8(cJ:<51ilfll3*i&. IWtl. mi 
<03fc7r>f^l&^4Ha*lffl88 8<o4Mkfc, iifHi2 

7>y°6 izmztih%m^mmi-kx'&mzti&£ 

t'u^tz®. ®2(?>%yT'(^8izz*)m^z%tm 
lo&x&m-h. 

[0076] }§». »^SNR£««-*-*fcftfcti. 

fc-S-iiCfcfcJ: 1 ). *»£**^3r< LT, 3tS NR 
*fc< 'WaffilBfcSIt 

rtWB&Mmtzm 1 *miizft^xm i s 

jSS»S#tf>£ kw^flh7 7°35# £ TO-ftt £ i k 
fiSSMBBS** J: 0 >h$ < flU 6 i k te J: 9, ©MSESt 

^ffliisr^ryrtc 
ct &%&*mmi,zmm uz&mimizts^xn , fi 

MnmwRBbKitf* Xftmzztufzw-m^ 
m&x'%, miziz®sm<o&k#*jmb%&. 

[OO7 7]0*«L4V^ »2«»t7T-fA8c^ 
tt*»«i-4^MftllMl»*l82<03t7r'fA8fciBoT 

[00 78] H9ti*5HH(cJ:*^f-A<0»3*«» 
©£iirf7*n-y?|gT*>3>. :<0-/XfAli > ilC/T 
$ftSftl3gift»!Bk»JI:l/C. Mft^2*^aJ7J$fi 

r 4 A<oi«fttta^ffl«*(sk»9 0 srisg-f siaasra 

tlh. 3teffl«fta»9 0tt«itf»lO*7r-f^4<0 



[0079] 3fcffiffi£&£9 Oii, W*tf. 

jsrsit^s*. imm^mnttx^yr^^ 

[0080] ft©ffl£ft3S9 0 Lfc£ ttCfc 0. 

ft 1 <o#7 t •< a*4 iza ^x£. t h mmftmz 
m.fcmm-t&ziitfX'Z&ztiztotx. mn<?> 

vW-^fcgB-fSft 1 Oft 7 r A ^'4 

r yycoA s e «ff# k <o f - h fts#fia£&Jt<tffflB 
* , mztemsM(?>&±tinmt%& . 

[008 1 ] HSliLfcHtf. ft2e03K7r4><8<oa 
WfclBtTfcftO. ;<0«^, *2^3K7r-fA*8tti 

[0 082] 01 0\i*%WI,z£Z,^XT<Ucr>m4mm 
BB&fFcf7'v>v7mX'b&. ZWsXfMt. Hltc 
*$*L4*lHit»!lk»lfcLT. ftl&tfft2c7)ft7 

7-9 2 vmmumt t>tix v > s &ximttw bti& . 

ate. *»HJSawtftCi:(cJ:oT. ASE(7)Mt: 
i<m i yrA^A{,z^ximhixh±Tyr9 2nm 

mmmi^uzinx. n&mm7v7<>wm 
ti^xmmmms-t&w-nmmx 0 ts<is^-t 

[0083] Ufc*»S|c J; S x^xA<7)HSfe 

WHTtt, «fMW8fcTyT6ttafflM2i:3M«10 

k*»*3e7T>fA'e2»<^*t:ifttttitTv^. fie 

•5t< f«#6S»3try7-6{i» ^2RS4+«S^^ 

l>it*«-C#S. ft2c03t7r-<VN-8 
Sr^BSLT , fflfMWdjtr >76 $rSfiSl*I(ci5(tT t, 

[0084] #f&Bj§UWD M ( WiSkttmm ) t 

hitxmtkixi>&\<\ mm. mi^z^Kh^x^- 
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f mmstry? 6 *>iz-% ixmm? h z 

Xfft 2 <r>K7 IZ «k 0 fSiM-f & J: 5 fc-**Uf Jl 

[ 0 0 8 5 ] m^X . *»!HWiaeWfc:o^TH 1 1 

[ 0 0 8 6 ] 0 1 1 tt!@BS«tcfflvvfc>'*7\&*>:/n 
•y?0T"&5. JfcUl 5 5 8 n mOft-^3t (S i gna 

i ) *«jmrjr ( ea ) m$m& (ea mod. 

fflWC 1 0GHzc7)IES«T'5S»iSL. JgKLNSSS 
£S(LN mod. ) Srffl^T 1 0Gb/s«7^A 
( PN : 2 23 " 1 ) ttlLfc. 4*8*1^^X14 
1@#3 0ps<7)RZ/W;vej>-3fc. 
[00 87] iORZS3|/'?;UX**8 2 0km. 

1 6ps/nm/kmOf-t-H7T'fA' ( F i 
b e r - 1 ) X'mmk. jfcft 1 5 4 0 n m<0T i'X Y± 

(Assist) ££$U:f&, fWHMtSEryrtt^ 

Uc. i<0t#, DFB-LD(cA^L/cT>-Xh3K<50 
/NV-{4*>»1 5mWTfc-3jt. DFB-LD<7)raSmS6 
(44 0 OmAtJ) 0 . %Sr»*(4 1 550nm, JHB/t 
y-«4^4 0nWT'S>r>^„ DFB-LDfr&aWjU: 
li^fctt, Fiber-lfcRfctfftfcmK «$L<0 
h'7r^MFiber-2) Tfi33lLfctt. 
SflflS (Receiver) KiOSftLfc. 
[0088] El 2(4H^T'fflV^fL^DFB-LDc7) 
A^^7-P si »tittSttI*/N-V-P Soat CO^bOSI 

jets***^*^-?**. zasssvn* vmztix 

[0089] JXC, SSB8fi.feRZ^X(c*fLT. * 
« b ? > \* 7-*«±20«je8<XJt Bfl 8 raWJ+*@ 

ffeWBHMfcHl 3<7) (A) - (E) K^-f. (AX4* 
'J i^/PCOiBB. (B) J4DFB-LD(7)A^Jg. 
(C) (4DFB-LD<7)ai^l^, (DM4DFB-L 

v\,zkhmmmz'ftb%fr-?tzm%i l zi5tthL= 4 0 

kmTOgfUBB. (E) t4DFB-LDtiS»jraS 
J^Srfir o^%&fcfc(t«» L = 4 0 k mTWSfittJBT* 
l>. DFB-LDSrfflV^JgSetiO. 'WXOtf 
- 7 #jff* J ^S*(6]tC«8 tlX 0 . 4 0k mgSfc 

fctts mm&\z x hw^%wmm8kif%m\zfL 
htitz. DFB-LD^a§^rv^(c(4» w&tim 



mmzx i < mztf^x'^htf ( d ) . dfb 
mmx-bh <e) . 

[ o o 9 o ] Hi 4 t»ll:jW5W-^t;i'f 

-f (BER=1 0-9) OKfcWU^fcjR?-. DFB — L 

0. 4MftMflliiUtDFB-LDiiWtfcjSOl32 0k 
[0091 ] *«H*0*St± *»*tth* y h U- 

wxBmztmiKw me. <r<oii®rcfflwc3o 

P s<7)RZ>'ty^(43 0Gb/stLt.cOh''y hl^-hC 

{ftwmm&uz) ferret* *. 

[0092] 

tz^miwm®mmiz%z>b^oy)%tf±th. t 

[ 0 1 ] m 1 J4*lfflH t J: yXf AO® 1 
^•f7*n-y^0TS>l). 

[02] m2te*ftwiz£&isxTMzm*im%mm 

[03] 03(4S)^^MaS:geH^I>^^0 
[04] 04«O (A) - (D) \tt-t-imj*-9<r) 

mvmti wmthtztfxrmx'h %> . 

[ 0 5 ] 0 5 Jif iJfMSftJtT ^r^tt<0MSr^^5 

[ 0 6 ] 0 6 tt*8Hfc:«J: *ttr xoHitfl^S 
•t7n-y^0t'J>l>„ 

[07 ] 0 7tt*fMH£ J: &3tr/^ zcomomimm 

[08] H8J4*«WtCJ:6^X7 i A<0»25at»!B«: 

^•f7O-y^0T'J).g>. 

[09] m9\i*m\iz*hi'XTJ*m3mmm 
m-fyvvrmx'hh. 

[010] aiO*4*«BBK:j:t^f.^»4iat» 
S?:*-f7a-y^0T'$)l.. 

[011301 nmmmmzm^tz^xT^ya-y 
?mx-hh. 

[012] 01 2l4HfrCJJHtf:DFB-LD<7)#tt£ 
[013] 01 30 (A) - ( E ) (il9K£X&*?» 
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10 gfl« 
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